Introduction
Colonoscopic polypectomy has been associated with a 32% colorectal cancer mortality reduction over 30 years [1] and is routine practice worldwide for the prevention of colorectal cancer.
With an aging population, an increasing proportion of patients undergoing elective colonoscopy have concurrent cardiovascular disease requiring thienopyridine use such as clopidogrel, prasugrel and ticagrelor as single or dual antiplatelet therapy. This poses a peri-endoscopic management challenge balancing the risk of bleeding with thromboembolic complications.
While predominantly retrospective and somewhat mixed, existing data on patient outcomes regarding the peri-endoscopic bleeding risk when thienopyridines are continued are favourable overall [2] [3] [4] [5] .
Temporary interruption for intervention or surgery is common with an incidence of 57.3% within a 2 year period following stent implantation [6] . Endoscopy accounts for approximately 40% of the minor surgical procedures requiring temporary interruption. 2.4% of these patients subsequently experiencing a thrombotic event [7] . Although the risk of thromboembolic events is small, it is a clinically significant event for a patient.
The ASGE guidelines [8] and combined BSG and ESGE guideline [9] recommend continuing antiplatelet agents for low-risk procedures. Both guidelines consider colonoscopic polypectomy a high risk procedure however neither guideline differentiates between polypectomy of small polyps (e.g. �10 mm) and larger polyps. Small polyps are commonly found during low risk, routine colonscopy [10] and practically speaking, the risk of bleeding following subcentimetre polypectomy is small [11] with the risk of bleeding increasing with increasing polyp size [12] .
Modest data favours cold snare polypectomy over hot snare polypectomy [13] and combined with readily available, easy to use clips to manage intra-procedural bleeding, it may be that small polyps can be safely removed on antiplatelet agents, conferring the cardiovascular benefit of continuing antiplatelet therapy, whilst having small polyps removed without any clinically significant risk to the patient of post-procedural bleeding.
The purpose of this article is to describe the protocol for a randomised controlled trial in Australasia (EPOC -Endoscopic polypectomy on clopidogrel: a randomised controlled trial).
Method

Design overview
EPOC is a parallel group, proceduralist-blinded randomized controlled-trial comparing 2 different peri-endoscopic management strategies for patients on already receiving antiplatelet therapy (clopidogrel, prasugrel or ticagrelor) as single agent or in conjunction with aspirin, who are undergoing elective colonoscopy. Participants will be randomised at a 1:1 ratio to either "temporary interruption of antiplatelet therapy" or "continuation of antiplatelet therapy" (see Fig. 1 ).
Setting and participants
The trial will recruit at 20 academic hospitals throughout Australia and New Zealand. Participants are identified via site specific mechanisms which include endoscopy booking staff, gastroenterology clinics and triage systems. Eligible patients are screened and provided with a participant information and consent form. Once consent has been received, patients are then randomised by an associate investigator not involved in the endoscopic procedure to maintain proceduralist blinding. Follow up will be performed at 30 days after the colonoscopy to assess for study outcomes or adverse events.
Inclusion criteria
� Any patient aged >18 years scheduled for routine colonoscopy who is o On single agent antiplatelet therapy: clopidogrel or prasugrel or ticagrelor OR.
o On dual antiplatelet agent: aspirin and clopidogrel or prasugrel or ticagrelor
Initially the trial will commence with patients on clopidogrel � aspirin which is a special condition for approval for this trial placed by the Alfred Hospital Human Research and Ethics Committee. This relates to assay studies of prasugrel and ticagrelor demonstrating significantly greater inhibition of platelet aggregation [14, 15] . The addition of patients on prasugrel and ticagrelor will only occur after an interval safety analysis has been performed and approval obtained from the lead Human Research Ethics Committee.
Exclusion criteria
� Liver cirrhosis � Chronic renal impairment (eGFR � 30) � History of a bleeding diathesis � Thrombocytopenia of any cause (Platelet count � 90) � Other concurrent anticoagulation/antiplatelet agents � Percutaneous coronary intervention o with bare metal stent within the last 30 days o with drug eluding stent within the last 12 months � Acute coronary syndrome within the last 90 days � Any other concern by treating physician(s) � Inability to provide informed consent
Randomisation
Sites are provided with uniquely identified sealed envelopes containing randomisation instructions according to a computer-generated randomisation schedule, in a ratio of 1:1. Participants are allocated to one of two peri-endoscopic management strategies; "temporary interruption of antiplatelet therapy" or "continuation of antiplatelet therapy".
Blinding
The proceduralist performing the procedure will be blinded to randomisation arms. The proceduralist will be more likely to use rescue endoscopic techniques if they are aware a patient is on clopidogrel. Patients will not be blinded as they will have to stop their clopidogrel.
Intervention
Colonoscopy bowel preparation and sedation will be as per usual practice for each site.
The trial will compare standard of care (temporary interruption of antiplatelet therapy) with continuation of antiplatelet therapy.
Colonoscopy and any polypectomy procedures will be performed by senior endoscopists or endoscopy fellows under the supervision of senior endoscopist.
Standard care arm
Standard of care involves temporary interruption of antiplatelet therapy (clopidogrel or prasugrel or ticagrelor). Clopidodgrel, prasugrel or ticagrelor will be ceased 7 days prior to colonoscopy and recommencement 2 days after colonoscopy. If a patient is not usually on aspirin, low dose aspirin (75 mg-100 mg) orally daily will be commenced to bridge the period the patient is off antiplatelet medication. If a patient is on antiplatelet therapy plus aspirin, patient's usual dose of aspirin is continued. If there are any concerns about temporary interruption of antiplatelet therapy, the endoscopist can liaise with the prescribing physician to decide whether it is appropriate to temporarily interrupt antiplatelet therapy, or the patient can be excluded from the trial.
Intervention arm
The intervention arm involves continuation of single or dual antiplatelet therapy (clopidogrel or prasugrel or ticagrelor) periendoscopically. This includes on the day of the procedure.
Polypectomy
If polyps are found, ultimately management is at the discretion of the endoscopist to ensure optimal patient care. However, to be included in the primary endpoint analysis cold snare polypectomy of polyps �10 mm is required. The polypectomy site will be observed for persistent bleeding over 2 min. If haemostasis has not occurred, adjunctive therapy in the form of mechanical clips will be used. In addition, a limit of up to 10 polyps during a single colonoscopy was decided to mitigate the risk of bleeding due to multiple polypectomies.
If polyps larger than 10 mm are encountered, management is at the discretion of the endoscopist with options including piecemeal cold snare, endoscopic mucosal resection, or rescheduling the procedure. If more than 10 polyps are removed or polyps >10 mm are removed, these patients will not be included in the safety analysis or primary endpoint.
Study endpoints 2.6.1. Primary endpoints
The primary aim of the study is to investigate whether or not "continuation of antiplatelet therapy" differs, in terms of bleeding, to "temporary interruption of antiplatelet therapy". A composite primary end point will be used which captures both the intra-procedural and post-procedural risk of bleeding. This will include occurrence of the use of rescue endoscopic clips post-polypectomy to control immediate persistent intra-procedural bleeding, or major delayed bleeding, which must be symptomatically or clinically overt and is associated with an unplanned admission or re-admission to hospital for rectal bleeding or bleeding that directly contributes to death.
If continuation of antiplatelet therapy appears to be neither inferior nor superior to temporary interruption of antiplatelet therapy, a supplementary aim of the study is to investigate whether or not the two interventions are equivalent.
Secondary endpoints
Secondary endpoints are other bleeding and thromboembolic complications including non-major bleeding defined as any sign or symptom of PR bleeding that does not fit the above criteria; need for further intervention for bleeding such as endoscopic, surgical or radiological intervention; requirement for red blood cell transfusion; transient ischaemic attack defined as a brief neurological deficit caused by focal brain ischaemia, with clinical symptoms lasting greater than 1 h but less than >24 h; stroke defined as any new, focal neurologic deficit that persists for >24 h or any new, focal neurologic deficit of any duration and evidence of acute infarction on CT or MRI of the brain; myocardial infarction [16] defined as detection of a rise and/or fall of cardiac biomarker values with at least one value above the 99th percentile of the upper reference limit with at least one of the following i) symptoms of ischaemia, ii) new or presumed new significant ST-segment-T wave (ST-T) changes or new left bundle branch block, iii) development of pathological Q waves in the ECG, iv) imaging evidence of new loss of viable myocardium with new regional wall motion abnormality or v) identification of an intracoronary thrombus by angiography; stent thrombosis defined by angiographic confirmation of thrombosis in the stent or within 5 mm proximal or distal to the stent, with or without occlusion, which is associated with at least one of the following, i) acute onset of ischaemic symptoms at rest or ii) ECG signs of acute ischaemia; other serious adverse event and a composite end point of major clinically significant bleeding and thromboembolic event.
Participant screening and selection
Potential trial participants will be identified prior to endoscopy when referrals for colonoscopy are received by endoscopy booking, at gastroenterology clinics and by triaging personnel. All other aspects of the colonoscopy will be managed in accordance with the hospital pathways and protocols. Eligible patients will be screened against inclusion criteria and exclusion criteria and then approached with a participant information and consent form. All participants are required to provide written informed consent prior to randomisation occurs. Follow up occurs at Day 30 via clinic or telephone to assess for study outcomes and adverse events.
Trial Steering Committee
A Trial Steering Committee will provide advice to the chief investigator on the progress of the trial in regards to recruitment rates; develop strategies to deal with any recruitment problems; monitor follow-up rates and review strategies to deal with problems including sites that deviate from the protocol; oversee the timely reporting of trial results; approve and comment on the main trial manuscript; approve and comment on any abstracts and presentations of any results during the running of the trial.
Data safety monitoring board
An independent data safety monitoring board (DSMB) has been appointed to review all serious adverse events, to interpret interim analysis of the primary endpoint and review any protocol amendments. The DSMB will review accumulating data approximately 6 monthly while the trial remains active.
Sample size and statistical method for the primary endpoint
We are aiming for a target of 992 patients in the Full Analysis Set which includes randomised patients who have had a polypectomy. We expect that this will require up to 2730 patients to be registered on the study and randomized (1:1) to the two treatment arms (intervention and control).
The proportion of patients in a treatment arm who experience a bleed will be calculated using the number of FAS patients in that treatment arm as the denominator. We conjecture that the proportion in the control arm (π c ) is 0.10 and we will test the null hypothesis that the two treatment arms have the same proportions (H 0 : π t ¼ π c ) with a two-sided binomial test conducted at the 5% significance level (α ¼ 0.05). Under the specific alternative that the treatment arms differ by 0.06 or more (|π t -π c | > 0.06) we require at least 980 evaluable patients (490 in each treatment arm) in order for the two-sided test to have 80% power. To provide a trigger for modification or stopping of the trial, if one arm is evidently inferior to the other, we have made provision for two interim analyses, roughly equally spaced in terms of the number of accrued and evaluable patients. The Lan-DeMets (O'Brien-Fleming-like) alphaspending function will be used to set the significance level (α) at the time of each interim analysis. With 992 evaluable patients (496 per arm), if the interim analyses occur precisely after n ¼ 331 and n ¼ 661 patients have been assessed then the respective alphas are 0.0002 and 0.0120, and, for the final analysis, α ¼ 0.0463 (in this way the cumulative alpha at the final analysis is 0.05), and, with a test based on the unpooled estimate of the variance, 80% power is maintained (East 6, Cytel Inc., Cambridge, MA 02139, USA).
Data collection
A screening log of all identified patients on single or dual antiplatelet therapy will be recorded. The number of eligible patients and the number of patients giving informed consent will also be recorded.
All data will be recorded on paper data collection forms. Centres will send completed copies of these data collection forms to the data manager at the lead site, where they will then be entered into a trial database.
Baseline characteristics
Baseline clinical characteristics will be obtained from medical records which include age, gender, indication for antiplatelet agent, name of antiplatelet agent, use of concurrent NSAIDs or COX-2 inhibitors and indication for colonoscopy.
Endoscopic data
Endoscopic data will include date of procedure, polyp details including size, Paris classification, location, if there is any immediate bleeding post polypectomy, if there is any continued bleeding after 2 min, whether intraprocedural haemostasis was achieved and salvage techniques required to achieve this. Additionally, biopsies taken, the requirement of any other endoscopic intervention and any other periprocedural complications will also be recorded.
Histological specimens will be treated and managed as per the usual standard of care for each site; histology and dysplasia will be recorded for each polyp.
30 day follow up
The mode and date of follow up will be performed to ascertain if there were any bleeding, vascular or other complications. The presence of any bleeding complications will be recorded as minor, not requiring medical attention or significant, requiring medical attention. The need for admission, number of red packed cells transfused, and any intervention to control bleeding will also be included. Any type of vascular complication and resulting medical management will be recorded, as will any other complications including death.
Ethics
The trial received ethical approval from the following Ethics committees: Alfred Hospital Human Research and Ethics Committee HREC number HREC/16/Alfred/22 to conducting the study at public centres in Victoria, New South Wales and Queensland; Epworth Health Care reference number EF2016-128; Calvary Health Care Adelaide HREC number 17-CHREC-F001 and St John of God Health Care local reference number 1020. The trial has also been registered on the Australian New Zealand clinical Trials Registry (ANZCTR), registration number ACTRN12616000895482.
Discussion
Traditionally it has been assumed that medications prescribed for inhibiting platelet aggregation increases the risk of bleeding following invasive procedures such as colonoscopic polypectomy. After the emergence of colonoscopic polypectomy, it was common to stop aspirin due to concern about increased risk of post-polypectomy bleeding [17] [18] [19] however it was subsequently demonstrated that there was no increased risk [17] and current international guidelines recommend peri-endoscopic continuation of aspirin [8, 9] .
Medical management of cardiovascular disease now requires more potent antiplatelet agents such as clopidogrel, prasugrel and ticagrelor. For colonoscopic polypectomy, irrespective of the size of the polyps, current guidelines recommend temporary interruption. This is not practical since approximately 24% of low risk procedures, where clopidogrel is recommended to continue, will have polyps found [20] . Given polypectomy is considered a high risk procedure many endoscopists choose to temporarily stop these agents prior to colonoscopy in anticipation of small polyps being found and resected. Post polypectomy bleeding following removal of small polyps rarely has serious clinical sequelae and if further intervention is required, simple endoscopic haemostasis techniques are usually sufficient. Conversely, an atherothrombotic event manifesting as vascular associated ischaemia is a clinically significant event for a patient which may be more difficult to salvage clinically.
International guidelines have been based on expert opinion and moderate quality evidence however there are no clinical trials addressing this issue. This is the first randomised controlled trial addressing the question of whether antiplatelet therapy needs to be temporarily stopped or continued prior to elective colonoscopy using dedicated cold snare polypectomy methods. This study aims to determine whether the rate of use of intraprocedural endoscopic rescue clips or clinically significant post-polypectomy bleeding differs in patients continuing on clopidogrel, prasugrel or ticagrelor compared with those who temporarily cease them. Patients potentially benefit from continuing their antiplatelet medication with ongoing cardiovascular protective effects while still allowing safe removal of small polyps at the time of the colonoscopy.
